-INTRODUCTION
The concept of "paraglacial" was first introduced for defining both all non-glacial processes directly conditioned by glaciation, and the period during these processes are active (Church & Ryder, 1972) . This definition was then generalised to all sedimentary accumulations, landforms, geosystems and landscapes directly conditioned by glaciations and deglaciations (Ballantyne, 2002) . The theoretical paraglacial model describes the transition from a glacial to a periglacial, or more generally a non glacial, morphogenetic system (Thorn & Lowenherz, 1987; Slaymaker, 2009) , both considered in a steady regime, and is characterised by a paraglacial morphogenetic crisis related to the energetically re-equilibrium of the system as the consequence of a deglaciation. The real existence of paraglacial processes is nevertheless doubt, because this implies that pure paraglacial landforms, neither related to glacial or periglacial processes, must to be recognized (André, 2009) .
By analogy with the paraglacial morphogenetic crisis, the concept of paraperiglacial morphogenetic crisis was also proposed for defining the equilibrium transition from a periglacial morphogenetic system to a temperate one (Mercier, 2008; Scapozza, 2013a) . This concept defines Earth surface processes, sedimentary accumulations, landforms, geosystems and landscapes directly conditioned by permafrost degradation.
Evidences of sediment transfer conditioned by these processes were described in particular in Arctic (Svalbard, Greenland; e.g. Mercier et al., 2009; Cossart et al., 2013) and Subarctic (Scotland, Norway; e.g. Curry, 2000; Ballantyne, 2008) domains, whereas they are less generalised in the Alpine domain (e.g. Hinderer, 2001; Schrott et al., 2006; Delmas et al., 2009) . From one hand, by quantifying rockwall erosion rates based on the volume of periglacial landforms (e.g. Hinchliffe & Ballantyne, 1999; Curry & Morris, 2004) , and from the other hand by determining the exposure-age of the landforms (e.g. André, 1997 , McCarroll et al., 2001 .
The aim of this study is to present empirical evidences of paraglacial and paraperiglacial crisis in sediment transfer in an Alpine catchment. Evidences presented here come from the Upper Ticino River catchment in southern Swiss Alps ( fig. 1 ). They are based on the joint analysis of three kinds of data: (1) rates of vertical aggradation of Ticino River floodplain and (2) rates of lateral progradation of Ticino River delta, both based on borehole information and historical sources ( fig. 2) , and allowing an assessment of Ticino Valley infilling since the last glaciation; (3) sediment transfer quantification from rockwalls to rock glaciers and talus slopes in the periglacial zone of the Cima di Gana Bianca massif ( fig. 3A) . Position of boreholes GESPOS 701.96 and ATB 123, and of excavation MOL 1, located outside the frame of figure 2. Coordinates: Swiss Grid system CH1903 / LV03. Modified from Scapozza & Ambrosi (2016) . Scapozza & Ambrosi (2016) .
Fig. 1 : Localisation de la vallée du Ticino et du massif de la Cima di Gana Bianca dans le sud des Alpes suisses. Position des forages GESPOS 701.96 et ATB 123, et de l'excavation MOL 1, localisés en dehors du cadre de la figure 2. Coordonnées : système suisse CH1903 / LV03. Modifié d'après

-GEOMORPHOLOGICAL SETTING
-GEOMORPHOLOGICAL HISTORY
The relief of the upper part of Ticino River catchment is characterised by steep slopes, where significant rockwalls, peaks passing 3,000 m a.s.l., the partial lack of vegetation above 2,000 m a.s.l., and the presence of perennial snow and glaciers above 2,800 and 3,000 m a.s.l. (altitude of the equilibrium line of the glaciers, Scapozza & Fontana, 2009) , indicates typical Alpine geomorphological conditions. Toward Bellinzona, the valleys widen, significant chestnut forests cover the valley slopes and the climate is more temperate, and becomes almost Mediterranean in proximity of Lake Maggiore (Scapozza & Ambrosi, in press ).
The glacial history of the Ticino Valley since the Last Glacial Maximum (LGM) was reconstructed and described by Scapozza et al. (2014) . The regional LGM of the Ticino and Adda glaciers was constrained by radiocarbon dating between 28.50 and 22.90 cal. ka BP. The first recessional stadial upslope of the actual Lake Maggiore basin was the Cugnasco stadial, where the Ticino glacier was a calving glacier on a Lake Maggiore that reached 215-220 m a.s.l., corresponding with the maximal elevation reached by LGM moraine ridges north of Sesto Calende. By correlation of the deglaciation sequence of the Ticino glacier with the Eastern Swiss Alps and with the Greenland isotope record, the Cugnasco stadial was dated between 20.45 and 19.85 cal. ka BP. The Ticino Valley downslope of Biasca was completely ice-free since the glacial stadial following the Cugnasco stadial, named Biasca stadial in the regional morphostratigraphy, and dated ca. 19.85 cal. ka BP).
A synthesis about the Ticino Valley infilling during the Lateglacial based on reflection seismic profiles, borehole stratigraphy analysis and radiocarbon dating (tab. 1) (with the determined ages reported in fig. 4 ), was proposed by Scapozza et al. (2012) . During the Oldest Dryas, the Lake Maggiore probably reached its maximum extension toward Location of boreholes and excavations with dated material and archaeological findings reported in table 1, historical positions reported in table 2, and bedrock contour lines from Beatrizotti (1985) . See figure 1 for geographical location and for the position of boreholes GESPOS 701.96 and ATB 123, and excavation MOL 1. Modified from Scapozza et al. (2012) . 1/ Borehole or archaeological finding, 2/ Hydrography, 3/ Fluvio-deltaic deposit. Fig. 2 'après Beatrizotti (1985) . Pour la localisation géographique et la position des forages GESPOS 701.96 et ATB 123, et de l'excavation MOL 1, voir la figure 1. Modifié d'après Scapozza et al. (2012) . 1/ Forage ou découvertes archéologiques, 2/ Hydrographie, 3/ Dépôts fluvio-deltaïques. The progradation of the Ticino River delta during the Holocene was recently reconstructed thanks to the characterization of fluvio-deltaic sediments (lacustrine vs. prodelta vs. fluvial sediments), radiocarbon dating, and historical sources (Scapozza et al., 2012; Scapozza & Oppizzi, 2013) . Considering dating GIU 1 discussed above, the Ticino River delta during early Holocene (ca. 11.6-9.5 cal. ka BP) was placed between S. Antonino and Cadenazzo, ca. 10 km upslope of its current position ( fig. 6 ). In correspondence with the first inhabitants of the Southern Swiss Alps during the Older Atlantic (ca. 7.0 cal. ka BP), the delta prograded several kilometres, and its front was located between Cadenazzo and Gudo. A third position was reconstructed during the Subboreal (ca. 4.0-3.5 cal. ka BP) between Quartino and Riazzino. The delta progradation in direction of Magadino was followed by a decrease of the lake level. 
-CHRONOLOGICAL CONSTRAINTS
Radiocarbon dating presented in tab. 1 were compiled and revised from previous works concerning the regional chronostratigraphy since the LGM (Scapozza et al., 2014) and the stratigraphy of the Ticino River floodplain (Scapozza et al., 2012) , both described above. The analysis of historical sources (tab. 2), performed and discussed in detail by Scapozza (2013b) and Scapozza & Oppizzi (2013) , allowed a precise determination of the position of the Ticino River mouth in Lake Maggiore since the Roman epoch.
The development time of the talus slopes and rock glaciers of the Cima di Gana Bianca massif ( fig. 3B and tab. 3) was calculated thanks to palaeogeographical reconstructions and Schmidt hammer exposureage dating (SHD) performed by Scapozza (2013a). Palaeogeographical reconstructions makes it possible to calculate the maximum age of the landforms (i.e. the landforms are younger than), corresponding to the age of the last glacial stadial occupying the sector of development of the investigated rock glaciers and talus slopes. SHD allowed at the opposite the calculation of the minimum age of these landforms (i.e. the landforms are older than).
The Schmidt hammer is a lightweight mechanical instrument allowing a rapid and non-destructive control of the quality of concrete based on the measurement of a rebound value (Schmidt, 1950) . The a-dimensional rebound value (R-value) is proportional to the compression resistance of the rock surface and to the weathering degree of the rock sample, when assuming the same lithology and climate conditions, and lowers with increasing exposure times (McCarroll, 1989) . By calibration with surface of known age, the R-values allow dating of the exposure-age of the rock surface (i.e. a minimal age of the surface) when considering the transportrelated surface roughness of the measured rock sample (Shakesby et al., 2011) . For the exact sampling technique adopted in this study, the rebound values measured and the calibration of the exposure-ages based on the rebound values measured on surfaces of known age, please refer to Scapozza (2015) . 
Tab. 3: Maximum and minimum ages of the eleven periglacial landforms studied in Upper Ticino (Cima di Gana Bianca massif).
Maximum age determined by palaeogeographical reconstructions and minimum age determined with SHD by Scapozza (2013a) . See figure 3B for a graphical representation. Scapozza (2013a) . Pour une représentation graphique, voir la figure 3B.
Tab. 3 : Âge maximum et minimum des onze formes périglaciaires étudiées dans le Haut Tessin (massif de la Cima di Gana Bianca). Âge maximum déter-minés grâce aux reconstitutions paléogéographiques et âge minimum déterminés par SHD par
-MATERIAL AND METHODS
-CALIBRATION OF RADIOCARBON DATING
Radiocarbon dates were calibrated using OxCal 4.2 software (Bronk Ramsey, 2009) , in accordance with the IntCal13 calibration curve (Reimer et al., 2013) , and with a 2σ confidence interval (95.4 % probability).
-SEDIMENTATION RATES
Sedimentation rates in the Ticino River floodplain between Biasca and Lake Maggiore were determined thanks to the depth of sediment of known age at sixteen locations (tab. 1). Data comes from: (1) radiocarbon dating of wood remains in six boreholes ( fig. 4 ) and two excavations (samples GIU 1 and MOL 1); (2) seven archaeological findings in fluvial sediments for which is available a certain attribution to a precise epoch or a precise event (sample BEL 1, related with the historical event of 20 th May 1515 known as Buzza di Biasca; Scapozza et al., 2015b) ; (3) the age of the Cugnasco stadial (see chap. 2.1). As seven dates come from archaeological findings, the well documented period is the Late Holocene, in particular the Subatlantic (2.6 cal. ka BP until today).
A simple depth-age model was used, based on the depth of the dating and on their mean age. Age error was used for quantify the range between minimal and maximal values of sedimentation rate. Borehole stratigraphy data comes from the database GESPOS (GEstione, Sondaggi, POzzi e Sorgenti), managed by the Institute of Earth Sciences of the University of Applied Sciences and Arts of Southern Switzerland (IST-SUPSI).
-DELTA PROGRADATION RATES
The Ticino River delta progradation rates were calculated thanks to the distance of the inferred palaeoposition of the delta front from the actual river mouth. The palaeopositions of the delta front were determined by an analysis of the position and depth of lacustrine, prodelta and fluvial sediments in boreholes of the GESPOS database or in an excavation (as it was the case for sample GIU 1). Five radiocarbon dating of wood remains within these sediments allowed the age of delta front position to be assessed for the period before the Roman epoch (GESPOS 701.96, GIU 1, GESPOS 108.27, RIA 2 and MAG 1; see tab. 1). The river mouth position since the Roman epoch was determined at five different moments thanks to historical sources (tab. 2), described and discussed in detail by Scapozza (2013b) and Scapozza & Oppizzi (2013) . Sedimentological and historical data allowed a simple distance-age model of Ticino River delta progradation to be produced on the basis of the ten delta positions reconstructed.
-ROCKWALL EROSION RATES
By knowing the volume of a talus slope or of a rock glacier, its maximum and minimum age, it is possible to calculate a mean erosion rate of the rockwalls located in the source of debris of the studied landforms.
The mean thickness of the part of rockwall eroded during the considered period corresponds to the ratio between the debris volume (V) 
The calculated contributing area (A) was based on the sum of all the rockwall surfaces alimenting the landform derived from a 1:25,000 digital topographical map in a GIS environment. The topographical map makes it possible to obtain exclusively a planimetric area (A'), i.e. an area corresponding to a projection of the rockwall surface on a horizontal plan. The area and the thickness of the analysed landforms were assessed by detailed geomorphological mapping and by multi-method geophysical prospecting carried out with geoelectrical and electromagnetic methods (Scapozza et al., 2008 (Scapozza et al., , 2011 . The real contributing area was then determined by multiplying the planimetric area (A') by the secant (sec) of the slope: . The contributing area with this approach is probably underestimated. Topographical heterogeneities of the rockwall and the area buried by the progressive talus slope aggradation were not considered in this calculation (Hinchliffe & Ballantyne, 1999) . Moreover, the contributing area probably decreases with time by the erosion of the top of the rockwall.
By integrating equations (1), (2) and (3), it is possible to obtain the final equation making it possible the quantification of a mean rockwall erosion rate: . Total porosity for periglacial talus slopes of 40 %, including the volumetric fraction of ice, air or water, was estimated on the basis of well logging realised in similar landforms of the Swiss Alps (Scapozza et al., 2015a) . Considering that periglacial talus slopes are not saturated with ice, this estimation was considered also for relict rock glacier, where the volumetric ice fraction is evidently replaced by air and water. Estimations for intact rock glaciers were taken from typical values of total porosity for these landforms, considering a supersaturation in ice with ice content of 70-80 % (Scapozza et al., 2015a) .
Final values of R were finally transformed in metres by millennium [m.ka 
-RESULTS
-SEDIMENTATION RATES IN THE TICINO VALLEY
Thanks to dating compiled in tab. 1, it was possible to calculate the sedimentation rates based on the depth of the dated woods or archaeological findings (tab. 4). According to the maximum, minimum and mean ages determined from the dating ranges, were also calculated maximal, minimal and mean values for sedimentation rates. With the exception of the sedimentation rate determined for the Ticino River delta in Magadino since the Roman epoch (MAG 1), discussed in detail by Scapozza and Oppizzi (2013) , the highest value concerns the entire infilling of the Ticino valley from the bedrock to the surface determined in Gudo (GUD 1). This value of about 5 m. ka -1 consider the whole period between the Cugnasco stadial and today. Considering that this value include the entire Lateglacial and Holocene, and that sedimentation rates for the Holocene are lower than 4.1 mm.a , as it is the case for example for ATB 123, RIA 1 and GUD 2), it is possible to observe that the sedimentation rates during the Lateglacial were higher than during the Holocene. Considering that the mean rate of 5.0 m.ka -1 determined in Gudo is much higher than the mean rate of 2.8 m.ka -1 determined in Biasca (borehole GESPOS 701.96) for the period between the beginning of the Bølling (14.5 cal. ka BP) and today, it is probable that the sedimentation rates were the highest during the Oldest Dryas (20.0-14.5 cal. ka BP).
Sedimentation rates during the Holocene were variable. The lowest values were calculated, or for almost the entire Holocene (1.3 m.ka , with the exception of GUD 2). For archaeological findings, we are clearly in presence of a bias due to the fact than necropolis and tombs are often located in the more distal parts of the floodplain or in fluvial terraces, making it possible their preservation during time. The value of 4.1 m.ka -1 determined in Tenero (borehole GESPOS 441.63) is not comparable with the others because we are here on the Verzasca delta. The Verzasca River has a more torrential regime than Ticino River, and the sedimentation occurs almost exclusively on the delta as the consequence of the important change on slope at the outlet of the Verzasca valley (as it is the case on an alluvial fan).
A second-order polynomial model was adopted for compute the best-fitting statistical regression between sedimentation rates ( fig. 7A ). Archaeological findings and values determined on the Verzasca alluvial fan were not considered in this regression because the factors cited above. The correlation coefficient determined from the eight sedimentation rate values for the Ticino floodplain is very strong (R = 0.98), as indicated by the coefficient of determination (R 2 ) of 0.97 reported in fig. 7A . ) was determined between 1850 AD and the present, and is more than the double with respect to the Holocene mean. Since 1850 AD, it is important to consider the important supply in sediments due to the catastrophic inundation of 1868 AD and the anthropogenic influence related to the river training performed in the second half of 19 th century (Scapozza, 2013b; Scapozza & Oppizzi, 2013) .
As well as for sedimentation rates in the Ticino Valley, the best-fitting statistical regression computed for modelling delta progradation rates was polynomial of second order ( fig. 7B ). The coefficient of determination (R 2 = 0.82) based on the 10 delta progradation rates quantified is strong. As a consequence, the correlation coefficient (R) of 0.91 between delta progradation rate and age is very strong. 
-ROCKWALL EROSION RATES IN UPPER TICINO
Rockwall erosion rates based on the rock volume (tab. 6) and the contributing area (tab. 7) of eleven periglacial landforms (rock glaciers and talus slopes) were calculated for the Cima di Gana Bianca massif in the Upper Ticino catchment ( fig. 3A) . Considering also their time of development ( fig. 3B and tab. 3) , corresponding to the period between maximum and minimum age, it was possible to quantify rockwall erosion rates thanks to equation (4 . Talus slope volumes indicate also enhanced rockwall erosion rates during part of the Boreal and the Atlantic (8.9-5.8 cal. ka BP). The surface age of these landforms indicates that erosion rates in the second half of Holocene were very low. As a consequence, the most part of the rock volume stocked within periglacial talus slopes of the Cima di Gana Bianca Massif was deposited between the end of the Lateglacial and the beginning of Holocene (Scapozza, 2013a (Scapozza, , 2015 . With the exception of SA, with a rockwall erosion ratio of 0.4 m.ka , as it is the case for SL and GA (tab. 8).
Summarising the results for landform categories, relict rock glaciers present mean rockwall erosion rate of 1.8 m.ka ; almost the triple if we do not consider PB rock glacier, without which the mean value for intact rock glaciers is of 0.5 m. ka -1 ), confirming their important role in mass wasting in the Alpine periglacial zone.
A strong correlation coefficient (R = 0.87) between rockwall erosion rate and age was obtained only by a complex fifth-order polynomial model, with the resulting coefficient of determination (R 2 ) that was of 0.76 ( fig. 7C ). This polynomial regression allowed the particular behaviour of rockwall erosion rate during time, with the two maxima at the end of the Oldest Dryas and at the beginning of the Bølling, and the minima corresponding with the Younger Dryas, to be modelled.
-AN EMPIRICAL EVIDENCE OF PARAGLACIAL AND PARAPERIGLACIAL CRISIS?
-SEDIMENT TRANSFER IN THE SOUTHERN SWISS ALPS
Evolution with time of sedimentation rates in the Ticino Valley ( fig. 7A ) and progradation rates of the Ticino River delta ( fig. 7B ) are the highest at the beginning of deglaciation in the Oldest Dryas, present a decrease during the Lateglacial and the first part of the Holocene, and a new increase after the mid-Holocene climate optimum (9.5-6.3 cal. ka BP according to Burga et al., 2001 ). Both sedimentation rates and delta progradation rates are very consistent with the model of paraglacial sedimentation proposed by Church and Ryder (1972) and improved by Ballantyne (2002) . A similar behaviour with those of southern Swiss Alps was observed for example in northern Scotland (Hinchliffe & Ballantyne, 1999) Comparisons with a similar study in the southern Crystalline Alps (Hinderer, 2001 ) and other studies in the Alps (compiled by Otto, 2006) highlighted the significant high sedimentation rates during deglaciation compared to the Postglacial (tab. 9). The sedimentation rate in the Ticino Valley during the deglaciation quantified in this study (4.96 m.ka ). Despite a non correspondence in the chronology of the deglaciation, assessed in this study by regional revision from Scapozza et al. (2014) , but estimated by correlation with the Rhine glacier by Hinderer (2001) , the similar sedimentation rate value can be explained by the similar time spans considered in the two studies: 5.5 ka for this study (from 20.0 to 14.5 cal. ka BP) and 6.0 ka for Hinderer (2001) (from 17.0 to 11.0 cal. ka BP) (tab. 9).
The decrease in sedimentation from the deglaciation to the Postglacial cannot be directly compared. It is only possible to compare the ratio of 1.94 between deglaciation and Postglacial for the Ticino Valley (this study) with the ratio of 2.84-2.95 between deglaciation and Lateglacial+Postglacial for the entire Alps and the southern Crystalline Alps (Hinderer, 2001) . The mean Postglacial value of 2.56 m.ka for the entire Holocene for GIU 1) is more coherent with Postglacial sedimentation rates compiled by Otto (2006) .
It is nevertheless very difficult to make a comparison between different studies, because the temporal assessment is different. We quantified in this study time-constrained rates by a high resolution chronological assessment based on a compilation of radiocarbon dates. Evolution with time of sediment transfer is then time-assessed in the regional framework, which can vary from a region to another, in particular during the deglaciation. Sedimentation rates calculated by Hinderer (2011) are only partially time-constrained, because a wide chronology for the entire Alps, without an assessment of regional chronology of deglaciation and valley flood filling, is applied. Alpine denudation fig. 7C) , at the opposite of sedimentation in the Ticino Valley floor, present the highest values in correspondence with periods of intense and rapid temperature warming, such as at the transition Oldest Dryas-Bølling and at the beginning of the Holocene (Blockley et al., 2012; Rasmussen et al., 2014) . Between these two periods of enhanced rockfall, values for the Younger Dryas are very low and comparable with the Holocene mean. This result indicates that the severe periglacial conditions characterised by highly effective freezethaw activity during the Younger Dryas have had little influence on talus slope aggradation. This is the opposite of what has been shown by Ballantyne & Kirkbride (1987) , which demonstrate that the Loch Lomond Stade (the Younger Dryas equivalent for Central Europe) was a period of highly effective rockfall activity in Upland Britain. Rockwall erosion rates for the Late Holocene are lower than 1.3 m.ka for the last two millennia. These values are typical of denudation rates and rock wall retreat rates documented in other regions of the Alps for the Holocene (e.g. compilations from Sass & Wollny, 2001; Bertran, 2004; Otto, 2006) .
Considering that enhanced rockwall erosion rates during the transition Oldest Dryas-Bølling and at the beginning of the Holocene were determined in the periglacial zone, it is possible to make the hypotheses that they may be in relation with permafrost degradation in rockwalls by temperature warming (Gruber et al., 2004; Scapozza, 2013a) . Considering in this case the permafrost degradation as the main controlling factor for enhanced rockwall erosion in the periglacial zone, it is possible to link this behaviour with the paraperiglacial sedimentation described by Mercier (2008) .
Enhanced rockwall erosion by paraperiglacial sedimentation was also evidenced in the Valais Alps by SHD of relict and intact rock glaciers and talus slopes (Scapozza, 2015) . Rockwall erosion rates calculated by Scapozza (2013a) for three periglacial talus slopes indicates, during the first part of the Holocene (between 11.6 and 7.0 ± 1.2 cal. ka BP), values from 3 to 5.5 times higher than the Lateglacial (since the Bølling) and Postglacial mean (tab. 10).
Enhanced rockwall erosion rates during the Lateglacial, in comparison with the Holocene, were highlighted by several authors (e.g. Hinchliffe & Ballantyne, 1999; Sass & Wollny, 2001; Curry & Morris, 2004 glacial sedimentation in talus slope aggradation, because these studies do not consider formation times shorter than the entire Lateglacial (or the part of Lateglacial since the deglaciation) or the entire Holocene, or time spans across these two periods. The consequence is that rockwall erosion rates obtained by a partially time-constrained approach (i.e. based only on the total time of development) are not comparable with "real" rockwall erosion rates obtained with the effective development time. The evidence of paraperiglacial crisis is then possible exclusively by quantifying time-constrained rates based on the assessment of the development time of the studied landforms.
-A MODEL OF SEDIMENT TRANSFER IN THE ALPINE REALM
Paraglacial sedimentation model derived from observations on the southern Swiss Alps ( fig. 8A ) highlights the enhanced geomorphological activity in freshly deglaciated regions, as it was the case for the Ticino Valley during the Oldest Dryas. They characterise the entire period of paraglacial adjustment, probably by the relation with postglacial slope debuttressing (Ambrosi & Crosta, 2011), a rise of hydrostatic pressure in cracks by increase of liquid water availability (Bertran, 2004) , and the significant sedimentary reworking along slopes without arborescent vegetation, as it was the case in the Ticino Valley during the Lateglacial.
Considering that deglaciation of the Ticino Valley ended at ca. 20.0 cal. ka BP, there is a certain delay in the paraglacial exhaustion, typical of major valleys in comparison to uplands (Church & Slaymaker, 1989) . During a glaciation, major valleys are typically located in the ablation zone of Alpine glaciers. Primary subaerial denudation rates at the beginning of the deglaciation are then lower in comparison with the high valleys, located in the accumulation zone of Alpine glaciers and then subject to glacial erosion. This was described for example by an assessment of glacial erosion rates in Eastern Pyrenees (Delmas et al., 2009) , indicating a significant decrease in sedimentation rates from the glacial recession phase to the deglaciation (tab. 9). Time-constrained rates highlighted a peak of geomorphic activity during the main transition to ice-free conditions, typical of uplands subject to glacial erosion. The extent of the paraglacial period shifts in time from uplands to lowlands, due to the paraglacial sediment storage accumulation in lowlands at the same time of paraglacial erosion of glacial sediments in the upper valleys (Ballantyne, 2002) .
For the paraperiglacial erosion, the model derived from observations in the Cima di Gana Bianca Massif ( fig. 8B) indicates that it is probably combined with paraglacial erosion for the Oldest Dryas. For the beginning of Holocene, however, enhanced rockwall erosion aggrading periglacial talus slopes indicates that paraperiglacial erosion constituted probably the main source of sediments in the periglacial zone.
The classical periglacial erosion ( fig. 8C ), traditionally linked with gelifraction during cold periods as the Oldest Dryas (or the Scottish equivalent Dimlington Stade, e.g. Hinchliffe & Ballantyne, 1999) ). Considering the empirical data presented here, it is probable that the real behaviour of sediment transfer from source to sink (i.e. from the periglacial zone in Upper Ticino to the Ticino Valley and delta) is based on a combination of paraglacial and paraperiglacial erosion ( fig. 8D ). This combination explain straightforwardly the enhanced rockwall erosion rates highlighted for the end of the Oldest Dryas and the beginning of the Bølling between 15.5 and 12.8 cal. ka BP, and for the Early Holocene between 8.9 and 5.8 cal. ka BP.
-SYNTHESIS ON SEDIMENT TRANSFER IN THE ALPINE DOMAIN
The combination of paraglacial and paraperiglacial erosion makes it possible to present a model of temporal evolution of sediment transfer based on empirical data from southern Swiss Alps ( fig. 8): 1-the Lateglacial was characterised by the highest erosion/sedimentation rates (more than 2 m.ka ), by the combination of paraglacial erosion just after the beginning of the deglaciation (between 20.0 and 15.5 cal. ka BP in the Ticino Valley) and paraperiglacial erosion during the first important temperature warming phase, occurred during the Bølling. The paraglacial erosion phase took place during 6-8 millennia, and was almost totally concluded at the end of the Pleistocene. The first phase of paraperiglacial erosion taking place during the Bølling/ Allerød was driven by significant permafrost degradation in rockwalls conducing to the formation of actually relict rock glaciers, which are larger than intact ones; 2-a second phase of paraperiglacial erosion takes place during the second important temperature warming phase, occurred at the beginning of the Holocene and driving an enhanced erosion phase in the periglacial zone (with erosion rates higher than 2.0 m.ka -1 ) until the end of the mid-Holocene climate optimum. Then end of this second phase of paraperiglacial erosion probably correspond to the Grande phase d'éboulisation postglaciaire (litt. "Big phase of postglacial erosion") described in the Southern French Alps by Jorda and Rosique (1994) and characterising the long period of enhanced sediment transfer following the deglaciation. During this second phase of paraperiglacial erosion were formed the main part of periglacial talus slopes and were released deposits that will constitute intact rock glaciers in the followings millennia;
3-during the second half of the Holocene (i.e. after the end of the mid-Holocene climate optimum), sedimentation rates in the lowlands increase, as highlighted by sedimentation rates in the Ticino Valley and Ticino River delta progradation rates, presenting values similar with those of the end of the Lateglacial. Rockwall erosion rates in the periglacial zones, otherwise, are lower than 0.5 m.ka for the last two millennia, as documented in other regions of the Alps (e.g. Sass & Wollny, 2001 , Bertran, 2004 , Otto, 2006 . Sediment transfer behaviour since the deglaciation and until the end of the mid-Holocene climate optimum may then be explained by a combination of a paraglacial erosion phase related to the deglaciation and of two paraperiglacial phases related with periods of significant temperature warming, such as during the Bølling/Allerød and the first part of the Holocene. For the second part of the Holocene, otherwise, the increase in sedimentation rates in the valley floor is probably explained by the general glacial advance characterizing the six cold phases registered in Central Europe since 6.2 cal. ka BP (Burga et al., 2001; Wanner et al., 2008) . For the periglacial zone, this period was at the opposite characterized by low rockwall erosion rates related to limited permafrost degradation at least until the end of the Little Ice Age.
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